Abstract An investigation on the distribution of radium activity levels in the entire south eastern coast of Tamil Nadu, India, from Chennai to Kanyakumari was carried out. Insitu preconcentration technique was adopted by passing 1,000 L of seawater through MnO 2 impregnated cartridge filters at all the locations. In the coastal waters, 226 
Introduction
Three radium isotopes from the natural uranium and thorium series Viz: 226 Ra, 228 Ra and 224 Ra are important radionuclide of concern which gives out radon by alpha decay and has gamma and beta activities. Due to its long half-life (1,600 year) and its radiological effects, radium-226 and its daughter products are considered as radionuclide responsible for internal dose received by humans from naturally occurring radionuclides [1, 2] . Radium enters the ocean waters through diffusion across the sediment-water interface where a large concentration gradient of 226 Ra exists due to the deposition of particle-borne 230 Th. Both 226 Ra and 228 Ra are soluble nuclides but have a strongly particle reactive progenitor such as 230 Th and 232 Th, respectively. However, Th gets enriched in sediments while radium tends to stay in solution and thus radium produced through decay in the sediment, escapes back into the water column. Thus, the distribution of Ra isotopes in the water column depends on their respective half-lives as well as the distribution of their parent nuclides in the sediments. These properties can afford useful insights into geochemical processes. Radium isotopes also have important applications as indicators of the time-scales oceanic processes [3] , to study submarine groundwater discharges, sediment accumulation and geochemical exchange processes etc. Due to its long half-life of 1,620 years and being sourced from the sea floor, 226 Ra has the application of a tracer of deep water mass mixing [4] . 228 Ra is supplied to the oceans primarily by release from bottom sediments where it is produced by decay of 232 Th. Due to the shorter half-life of 228 Ra (5.7 years) this isotope can be restricted to shorter time-scale water mass mixing studies typically of eddy diffusion etc. The regional oceans in the world cover a larger area of about 140 million Km 2 representing roughly 40% of the total surface area of the world ocean. Regardless of whether they are radioactive or non radioactive, contaminants gets transported from one area to another by water masses. The sediment accumulates the radionuclides as a result of scavenging and settling process in the water column, thus playing an important role in the cycling of radionuclides. A well known high-level natural background radiation region was observed in the southern coast of India which is due to pockets of monazite bearing beach sands [5, 6] High concentration of naturally occurring radionuclides in the beach sands of Tamil Nadu and Kerala coast have been reported earlier [7, 8] . In the recent years, there has also been an increased recognition of the radiological significance of non nuclear process of natural radioactivity in particular 226 (Fig. 1) . Apart from the natural calamities like storms and Tsunami, the manmade activities such as domestic and industrial waste disposal into the inland estuaries and waterways, development of ports etc. causes erosion and loss of coastal properties. Seven offshore locations were selected at Chennai, Pondicherry, Karaikal, Rameshwaram, Tuticorin, Nagercoil and Kanyakumari for sampling. Sampling was carried out in the sea, about 100 meters away from the shore, using a boat. The coastline in this region is largely submerged in nature and offshore stalks, long beaches, estuaries, lagoons, spits, sand and bars are characteristic of this coast. The sand ridges, expensive lagoons and Barrier Island are indicative of a dynamic coast with transgression and regression in geological past. The extent of vertical run-up of sea water depends on geographical location, bathymetry, and beach. Climate of this area is characterized by an oppressive hot summer, humidity in atmosphere nearly through out the year and reasonably good seasonal rainfall. Each location was chosen based on geographical importance to predict the distribution of natural radioactivity. Chennai is on the southeast coast of India in the northeast of Tamil Nadu; is a flat coastal plain and called the Eastern Coastal Plains. The Marina Beach on this coastline; is one of the longest beaches in the world stretching to a length of about 12 km along the shoreline. Pondicherry; due to its geographical location in Bay of Bengal, experiences 2 to 3 cyclones annually and its coast line faces severe erosion. The third location Karaikal is in the middle of Tamil Nadu coast, midway between the two deepwater ports of Chennai and Tuticorin. It is a small coastal enclave of territory. Karaikal faced its worst tragedy when Tsunami hit the coast. Karaikal port is a new deep sea water port and provides an alternative to the Chennai and Tuticorin ports. The fourth location Rameswaram is located on an island separated from mainland India by the Pamban channel and is less than 40 km from the Jaffna Peninsula. It is situated in the Gulf of Mannar at the very tip of the Indian peninsula. The fifth location Tuticorin coast has a major port and it is a rapidly developing area. Due to the accelerated Fig. 1 Sampling locations for radium measurement in the coastal waters of Tamil Nadu development activities, the coastal area experience significant changes. Tuticorin serves as a centre of maritime trade and pearl fishery. The sixth location Nagarkoil coastline is rocky in several places and sandy near the town. The sea around is rich in common varieties of fish like tuna, sardines, etc. The seventh location Kanyakumari coastal ecosystem comprises 68 km in length and is studded with coastal fishing villages. Since this district is situated at the extreme south of the Indian subcontinent, the coastline is formed nearly by three seas, namely, Arabian Sea, Indian Ocean and Bay of Bengal. But the main part of the coast faces the Arabian Sea. The coastal landscape of Kanyakumari district is mainly composed of beach ridges of rocky, sandy and swampy nature in the estuarine regions.
Methodology
Several methods are available for the determination of radium isotopes which include the conventional co-precipitation of radium with Pb, Ba Sulphate followed by measurement of gamma-ray spectroscopy, Beta counting, 222 Rn emanation, liquid scintillation counting, or alpha spectrometry [10, 11] These methods involve different chemical reaction and is relatively complex and time consuming. For low level activities, collecting hundreds of liters of water from different locations, processing, handling and measurement of the low activity becomes strenuous and cumbersome. To overcome this difficult task and to measure the low level activity in much more easier and efficient way, an insitu preconcentration of the radionuclide on the MnO 2 coated filter cartridges was adapted. For pre-concentration of radium in sea water, one micron pore size Polypropylene cartridges were coated with saturated solution of KMnO 4 prepared in de-ionized water with continuous heating, maintaining temperature at 50°C. The cartridges were prepared in batches of two, to ensure same collection efficiency of both the cartridges under similar conditions and validated successfully for large volume of sample of radium isotopes. Based on constraints experienced in the field conditions, the system has built in facilities for silt removal, double exchanger cartridge system for efficiency and less sampling error in the measurement. At sampling site the cartridges were assembled in the collection array consisting of three pre-filters of 10, 5 and 0.5 micron pore size for removing silt followed by two MnO 2 impregnated cartridges mounted in series for preconcentration of radium. In all locations 1,000 L of seawater was passed through the cartridges with a flow rate of 10 L/min. The experiments were carried out in triplicates in all locations. Finally the cartridges were dismantled from the set up, removed the MnO 2 coated cartridges sealed them in polythene covers. In laboratory, ashed the cartridges at 300°C and taken in a standardized geometry for Gamma counting. The samples were filled in plastic boxes, sealed and the activities were measured using a high resolution, 50% relative efficiency p-type Co-axial HPGe detector, (Eurisys Measures) coupled to a 8 k multichannel analyser for a counting period of 60,000 s.. The detector was housed inside a lead shield to reduce background. Energy and Efficiency calibration were done with three IAEA Standard reference material; a Standard soil of known activity, uranium ore sample RG U1 and thorium ore sample RGTh-1 in similar geometry.
226
Ra was estimated from the gamma line of 214 Bi at 1.765 MeV with a gamma abundance of 15.4% and 228 Ra was estimated from the 208 Tl peak at 2.614 MeV. The activity concentration of the radionuclide was determined using the total net count under the selected photopeak after subtracting the background counts, and applying the appropriate factors such as photo peak efficiency, gamma intensity of the radionuclide and weight/volume of the sample.
Results and discussion
Primary physico-chemical parameter such as GPS reading at each location and the coastal water pH, salinity, temperature etc. was measured simultaneously and is given in Table 1 . The temperature of the surface water in the coastal waters was in the range of 29.0 to 34.5 and the ambient temperature (Air) was in the range of 32.4 to 37.8°C. Salinity in the waters was ranging from 31 to 34%. The activity concentration of 226 Ra and 228 Ra in the Tamil Nadu coastal waters obtained from different locations is Ra. The reverine input in the region through Cauvery river is the main source of sedimentary particle in this region. This appears true with the higher values observed at Karaikal sediments in comparison to seawater, and the concentration observed at Chennai and Pondycherry sediments. In general the study indicated that, the coastal line was observed to be rich in 228 228 Ra it was in the range of 2.3E03 to 5.9E04 (Fig. 3) .
The variation in the K d values observed in these coastal location implies that, radium gets released from interstitial waters of sediments which accords with the mobility of this nuclide in the marine matrices. This also indicates that radium concentration depends on geochemical characteristics and particulate reactivity. In our earlier study in the coastal environment of Kalpakkam and Mumbai, the distribution coefficient for 226 Ra varied between 5.0E02 to 7.0E04 and the recommended GM value was 6.0E03 and the K d value for 228 Ra was as 8.0E03 which compares well with the IAEA TRS-247 and TRS 422 which gives a value of 5.0E03 and 4.0E03 for radium [12, 13] . The spatial distribution in the K d value of both the isotopes of radium reflects the different sediment characteristics and different sources in the coastal marine environment of Tamil Nadu.
Conclusion
Present study gives a site specific distribution of 226 Ra and 228 Ra levels in the Indian eastern coastal waters of Tamil Nadu, by insitu preconcentration Technique.
226 Ra concentration was observed to be in the range of 1.05 to 1.81 Bq/L with an average of 1.52 while 228 Ra was in the range of 3.1 to 7.5 Bq/L with an average of 4.53 Bq/L. Due to the geographical and physico-chemical nature of the coastal line, the values were observed to be higher in the coastal environment of Kanyakumari, Rameshwaram and Karaikal. The enhanced value of 228 Ra in the shallow coastal region is characteristic of the origin of the source. In general, higher 228 Ra levels were observed in the coastal Ra which is attributed to the production of the radionuclide from the sediment. These data represents reference values for Indian coastal regions and will be used to estimate radionuclide inventory in Indian marine environment, particularly at the East Coast of the country.
